"To the advancement of all the inductive sciences, a knowledge has been necessary as well of the position of the particular science at the moment of investigation, as of the steps by which that position had been obtained; this in turn, tending to throw light on the direction in which future progress might be expected."
Since 1930 pneumoconiosis of coal miners has constituted a major medical and social problem in Great Britain, particularly in South Wales. The intervening years have been marked by considerable research into the aetiology, early diagnosis, significance, incidence and control of the disease, and in this work the investigators have been greatly assisted by the advanced techniques of modem pathology, physiology, biochemistry, chest radiology, dustsampling, and dust-analysis.
It is remarkable that it was almost precisely a century earlier when the problem attracted similar urgent attention, but on that occasion the focus was on the Scottish coal-field. By contrast, the physicians of those days were dependent almost entirely on the correlation of clinical observations with morbid anatomical changes observed at postmortem inspections.
The purpose of this communication is to review the knowledge of miners' lung diseases as recorded 100 years ago, so that we may assess just how far our knowledge of these diseases has advanced in the interval.
General Background While, in the main, our concern is with the medical aspects of the subject, appreciation of the problem will be enhanced by considering the more general aspects of coal-mining, particularly as they existed in the first 50 years of the nineteenth century.
According to Bremner (1869) the earliest documents in which coal-mining in Great Britain is mentioned are " The Saxon Chronicle of Peter- borough" written in the year 852, and Bishop Pudsey's "Boldon Book " dated 1180. Newcastle coal is first alluded to in a charter granted to the inhabitants of that town in 1234, and the first mention of coal in Scotland occurs in a charter granted in 1291 to the Abbot and Convent of Dunfermline, but the earliest workers of the mineral are supposed to have been the monks of Newbattle Abbey. As might be expected, the earliest workings were confined to outcrops occurring along the banks of rivers. Underground working at any considerable depth had to await the development of efficient methods of ventilation and pumping of water. The real impetus to coal production was associated with the manufacture of iron and derived from the development of the steam engine in the early part of the eighteenth century. Savery's original steampumping engine was made in 1698, and Newcomen's improved model was constructed in 1705, but it was not until 1762 that a steam engine was first used to work a coal pit in Scotland. By the beginning of the nineteenth century, the period with which we are concerned here, coal-mining was a large and expanding industry. It is estimated that by 1839 Britain was producing 36,000,000 tons of coal. Official statistics, however, were not published until 1854 when output was recorded as 64,500,000 tons. Twelve years later, in 1866, production reached 100,728,881 tons, and the number of men employed was 320,663 (Bremner, 1869 Ventilation of underground workings was poor, and not infrequently the air was insufficient to sustain the hard physical labour and on occasions even to support the combustion of lamps or candles. The general atmosphere was vitiated with carburetted hydrogen, carbonic acid gas, the fumes of gunpowder, and the smoke of oil lamps or tallow candles.
These very briefly are the circumstances of work as they existed in the collieries and against which we may now proceed to study the occurrence of respiratory diseases as recorded among the coal miners at that period.
Melanosis of the Lungs
Early in the nineteenth century the pathological anatomists of Paris directed attention to " a peculiar form of animal production ", which they named melanosis (Thomson, 1837) .
In 1806 Laennec delivered to the Faculty of Medicine of Paris a memoir on melanosis of the lung, of which he distinguished four types.
(1) melanosis in which the masses are enclosed in cysts; (2) melanosis in which the masses are not encysted; (3) melanosis in which the black matter infiltrates the substance of the lung; and (4) melanosis in which the black matter is deposited on the surface of the lung.
Later in his classical treatise on mediate auscultation (1837), he reviewed and discussed the whole subject. Laennec quite clearly recognized that true melanosis was a form of can.er and readily distinguishable from the black coloration of thq lungs, which he had observed to occur in adult life and which became more pronounced with the advance of age. Coal miners' lungs, in his experience, were characterized by the deposition of "la matie're noire pulmonaire" and in some cases he had found at necropsy masses resembling " un morceau de savon noir". In his opinion Bayle had sometimes failed to distinguish between melanosis and black pulmonary matter.
Meanwhile in 1815 Bayle had recorded his observations on the subject based on 900 necropsies in phthisis cases, which had come under his notice in the H6pital de la Charite in Paris (Bayle, trans. by Barrow, 1815 " Phthisis with Melanosis appears to be that which commonly lasts longest; but of those in whom the Phthisis lasts a great many years some are affected with tubercular Phthisis. There are then but few tubercles, and the ulcerations produced by the tubercles seem to form a purely local disease which does not affect the vital function.
" They are often subject, during the last months of their disease, to an oedema of the legs, which frightens them much, though it commonly gives way easily."
From a series of necropsies, of which some details are given, it is clear that he was dealing mainly with chronic fibroid tuberculosis of the lungs and nowhere does he suggest that the disease is related to occupation.
The first English contribution to the subject occurs in a paper entitled, "On the Colouring Matter of the Black Bronchial Glands and of the Black Spots of the Lungs ", by Dr. George Pearson, F.R.S. (Pearson, 1813) . In the course of many post-mortem inspections Pearson had carefully investigated the conditions of the lungs in babies, adolescents, and adults and had noted that " at the age of about twenty years the lungs have a mottled or marbled appearance from black and dark blue spots, lines and points disseminated under the transparent pleura ". By the age of 65 onwards the lungs appeared almost uniformly black due to " the number and congeries, or coalescence of the maculae, points and lines just mentioned ". Following experiments in which he subjected portions of hIfng, pleura and bronchial glands to a variety of physical and chemical agents he formed the opinion that the black matter was due to " animal charcoal in the uncombined state ", the origin of which he ascribed thus: "I think the charcoal, in the pulmonary organs, is introduced with the air in breathing. In the air it is suspended in invisibly small particles, derived from the burning of coal, wood and other inflammable materials in common life."
As to the location and distribution of the black matter in the lungs, he then proceeds to make the following interesting judgments: " When I compared the black lines and the black net-like figures, many of them pentagonal, on the surface of the lungs, with the plates of the lymphatic vessels by Cruikshank, Mascagni and Fyffe, I found an exact resemblance. And when I found that the vessels contained charcoal, I judged that it was fair to infer that the lymphatics of the lungs absorb a variety of very different substances, and especially this coaly matter, which they convey to the bronchial glands, and thus render them of a black or dark blue colour."
From the occurrence of the condition in the lungs of country dwellers he concluded that the sooty matter was more extensively diffused through the atmosphere than was generally apprehended, and he explained the absence of the same condition in brute animals as being due to the natural short period of their life. In a case observed in a man B aged 42 years he attributed the condition to his being " a smoker of tobacco ".
From the foregoing it would appear that Pearson was recording the natural pigmentation of the lungs which develops in varying degree in the general adult population.
The next recorded reference to black lung occurs in relation to a post-mortem examination made at the Royal Dispensary, Edinburgh, during the year 1824-25. Dr. Carswell described this case in an article on melanosis in the Cyclopedia of Practical Medicine and expressed the opinion that the appearances observed were similar to those in Dr. Gregory's case, details of which appear next. The occupation of the workman was not stated. During life the case was regarded as " emphysema consequent upon chronic catarrh ", and the poor patient ultimately died " universally anasarcous ". At the inspection it was observed that " the whole of both lungs were perfectly black; in many parts indurated and oedematous; in others softened and excavated. There were no tubercles, nor was there any similat discolouration in any part of the body ".
As will appear later (Thomson, 1837), this peculiar discoloration of the lungs continued from about this time (1824) At necropsy the lungs were universally adherent to the chest wall; the pleura was thickened and in places ossified. "When cut into, both lungs presented one uniform black carbonaceous colour, pervading every part-of their substance". The appearances of the left lung are of particular interest.
"The left lung did not appear to contain any cavities, but was condensed, and loaded with black serum. Some minute hard points could be felt in various parts of both lungs, but they did not differ at all in colour from the surrounding substance; and no distinct tubercular deposition or infiltration could be detected in those portions of the lungs which were most hepatized, even with the aid of the microscope.
The texture in these parts appeared quite uniform, and the minute hard points felt in other parts rather conveyed the impression of their being merely the ends of small bronchial branches divided in making the section. The bronchial glands did not appear enlarged, but partook of the same black colour as the substance of the lungs."
Gregory then proceeds with the following commentary:
" The question here immediately presented itself, whether this ought to be considered as a case of infiltration of the substance of the lungs by the peculiar black matter of melanosis ?-or whether the black colour of these organs depended merely upon the habitual inhalation of a quantity of the coal-dust with which the atmosphere of a coal-mine must be constantly charged, and which, remaining unabsorbed and acting as a foreign body, had led ultimately to disorganization of the pulmonary tissue ? in like manner as one form of phthisis is found to be particularly prevalent among those who by their occupations are most exposed to the inhalation of small irritating particles, such as stone-cutters, millers and needle-grinders."
He submitted representative portions of the tissues to. Dr. Christison who, after various tests, reported that the black matter, which he found in the lungs, was entirely different from melanosis. This accorded with Gregory's own opinion which was based on the morbid anatomical appearances. Thus it was appreciated that there was a distinction between this black infiltration and melanosis, and, further, that the condition occurred as an occupational risk of coal miners and was possibly due to the inhalation of coal dust.
These opinions on aetiology, pathology, and occupational risk seem to have gained an almost immediate measure of acceptance, for just two years later Dr. William Marshall of Cambuslang, near Glasgow (Marshall, 1833 (Marshall, , 1834 , published two articles on " Cases of Spurious Melanosis of the Lungs or of Phthisis Melanotica ". Three cases are presented, all men who had worked as coal miners from boyhood, and who died, respectively, at the ages of 58, 62, and 57 years. In each instance the workman had suffered chest symptoms for many years, which symptoms the men themselves had attributed to bad air in the mines. turing the latter part of the illness two of the patients expectorated sputum " changed to deep black colour like printer's ink ". The third case was noteworthy in so far as the spit was at no time black. In the necropsy reports the lungs are described as " coal black " or of " a jet-black colour throughout like lamp-black ".
Marshall evidently considered the value of this black spit as an aid to early diagnosis, for he writes:
"There can be little doubt that the black matter does not appear in the expectoration until the substance of the lung begins to break up; that the black expectoration, in fact, marks the stage of commencing excavation, and that it increases in quantity as the destruction of the lung advances."
In reviewing the various post-mortem inspections which he had witnessed he records that the lungs presented four different conditions of the substance of the lung, which may be presumed to mark so many consecutive stages of the disease: (1) the lung deeply stained with the melanotic deposit, yet soft, crepitous (2) a similar condition of the lung but scattered through it hepatized nodules of greater or less bulk, these characterized by their greater resistance to the knife; (3) these hepatized areas accompanied by vomicae in various stages; and (4) general excavation of the lung.
Various opinions were at that time held as to the causation of the disease but in the main it was attributed either to the effects of blasting with gunpowder, or to the inhalation of lamp-black or soot from the oil lamps of the miners. Marshall rejected the first, as gunpowder was not used at the coal-wall in the local mines, but was restricted to driving stone-mines. Similarly he rejected the second explanation, as lamps were in use at all the mines, whereas his cases were derived from only two of these mines, so he concluded:
" The true explanation of the origin of this disease in colliers seems to be, that it is in consequence of the inhalation of fine coal dust, and its deposition in the substance of the lung. That coal may float through the air in particles sufficiently fine to be inhaled without immediate irritation and that it is thus inhaled is a matter of common observation."
He further considered that the lungs are able to deal with certain quantities of coal dust but men "if diseased or otherwise cannot cope with the quantity, contract a noxious stage ". As to the varying incidence of the condition among colliers from different mines, he observes that mines differ in degree of dustiness and wetness. Accordingly conditions favourable to disease occur in " mines which have hard dry seams and where there is much pick work ".
As to the comparative rareness of the disease among the men he considers there is an " individual predisposition ".
In support of his contention that the dust is the noxious factor, he cites a case of an-iron-moulder, who used charcoal in dusting the moulds.
These two articles were the subject of a critical letter addressed to In some parts these portions have an arborescent appearance, being in all probability the remains of arteries.
" Let us now see in what manner the black matter is disposed in these dilated and ruptured air-cells. The cut surface of the lung presents an irregularly grayish or mottled appearance, in consequence of the black matter being more abundant in some parts than in others. In those parts where the air-cells are most dilated, the black matter is most abundant ; and as all the cells are more or less dilated, the cut surface of the lung is darker than usual."
The subject of the above report was " a poor woman above ninety years The following accords with complicated pneumoconiosis possibly of silico-anthracotic type:
"On removing the two lungs from the chest, they were seen to present, over their whole surface, a general deep or dark blue colour. The surfaces of both lungs were very rugged and uneven, from irregular superficial puckerings at some parts, and small and apparently emphysematous elevations at others. Both their lower lobes were extremely emphysematous, some of the emphysematous cells being as large as walnuts. . . . The upper lobes of the two lungs, and some portions of the lower lobes, though considerably oedematous, were crepitant, elastic, and light enough to float in water. Several portions of greater or less extent in the lower lobes were converted into a compact, indurated but always deep black structure, and in the upper part of the lower lobe of the left lung, these solidified portions were very friable, and had broken down into irregular excavations, traversed by shreds or bands of the disintegrated pulmonary structure, and filled with a substance like thick liquid blacking, or a very strong solution of china-ink. Throughout the whole substance of both lungs, except at the points where the structure of the organ was generally solidified, a number of small, firm, scattered knots or granules, like miliary tubercles, could be felt and seen."
Several of the other cases are consistent with pneumoconiosis accompanied by tuberculosis.
George Hogg, aged 40 years at the date of his death, had been employed for several years " as a coal-setter, or in removing the strata of sandstone, and the beds and veins of secondary trap and other rocks of the mine that impeded the free working of the coal seam. Some of the coal-setters that worked in the same mines as himself, have, to his knowledge, died after labouring under catarrh of a more or less chronic character with black expectoration ".
The post-mortem findings suggest massive silicosis and the minute accuracy of the description is impressive.
" On raising the sternum the lungs were seen projecting forwards, and appeared to fill completely the cavities of the chest." " Judging from the strength of these pleuritic adhesions, and from the difficulty with which they were torn, they appeared to be of an old date.... " Their external surface, particularly that of the left lung, felt in numerous points rough and a little elevated by defined deposits of a solid matter beneath the pleura, in the form of compact masses of nodules, roundish, oblong, variously irregular in their figure, at some points isolated, and at others more or less agglomerated, and varying from the size of a hempseed to that of a cherry-stone or larger....
" At one part of the surface of the upper lobe of the left lung, and immediately connected with and covered by a portion of corresponding, thickened and almost cartilaginous pleura, the substance of the lung, for about an inch in extent and a quarter or half an inch in breadth and depth, seemed transformed into a mass, the section of which very much resembled, both in point of density and colour, the section of a piece of compact black caoutchouc."
Varieties of Pneumoconiosis Dr. Dewar of Dunfermline clearly distinguished between varieties of pneumoconiosis, their aetiology, and significance: " You will please observe the distinction between colliers and stone-workers. The former are employed merely at the coal-wall, and use only picks and wedges at their work; while the stone-workers are occupied, in whole or in part, in removing the freestone and other rubbish which separate the different layers of coal. In these latter operations, the aid of gunpowder is constantly required, and the workmen, from the very imperfect state of the ventilation, are frequently enveloped in dense smoke. The persons who are exposed to this noxious atmosphere are, so far as my experience goes, the victims of this most fatal species of disease in the lungs, viz. consumption with black spitting." Differences in Risks Dr. Steele adds his testimony in support, and adds further to our knowledge of specific conditions in different mines which magnified the risk. " In the mid-Lothian coal-field the edge-seams are considered to be in a much greater degree injuriousthan the flat. This is owing chiefly to three circumstances :-1st. In the edge seams the strata are not so much impregnated with water. 2nd. The cutting process by the pick of the miner is carried on more upon a line with his own face, and hence more dust is emitted and inhaled. But the principal reason is, that the stone contains some poisonous matter which is probably of a metallic nature, as the workman complains of its exciting a styptic and metallic taste in the mouth. A mine was carried across the strata in the Niddry estate, the finishing of which required a number of years. Six or eight of the miners employed in it died; several were obliged to leave it, and only one of those who commenced it was able to work in it throughout and lived to see it completed. There was a particular stone in this mine, which was repeatedly met with, and to which the miners gave the name of arsenic, which was found highly pestiferous; its exact nature I am not acquainted with. In a stone-mine seen some years ago in the Newbattle field, a great many men died, the average length of time each of the miners employed in it lived, being about two years. The mortality was ascribed to the nature of the stone." Dr. Stevenson of Gilmerton added further valuable comments. He considered that the evil arose from the species of rock through which the mines are driven, particularly sandstone, and not from the mere operations of mining alone.
Association with Other Diseases
As to the effect on health and longevity, Dr. Steele observed:
"Those who restrict themselves to the working of coal are not peculiarly liable to pulmonary complaints, and they are as long-lived and as healthy as any class of labourers whatever. The temperature of the place in which they work is almost always warm and equable; they suffer little from any inflammatory complaint excepting rheumatism, and tubercular phthisis is among them a rare disease." Dr. Steele of Midlothian summarizes these aspects admirably:
"The period of life at which the disease occurs must vary according to the length of time the individual has been exposed to the exciting cause and to natural difference of constitution; and it must depend also on the nature of the minerals in which the mining operations are conducted. I have often seen it prove fatal about the age of from fifty to fifty-five."
Generally the disease once contracted was recognized to be incurable, but Steele records that if the workman " be under forty years of age and if he take care of himself, he may still be restored to the enjoyment, for a time at least, of tolerable health; but if towards fifty there is no hope for him ". This may be due to the fact that the aid of the doctor is sought too late.
And here is a description of the last phase of the illness.
" He is awoke with sometimes an intense feeling of suffocation; his lips and face become livid, he throws his body forwards and grasps his knees with his hands, that being the only attitude in which respiration can be carried on."
Apparently affected men, who though no longer able to work at the coal-face, were able to do other work. Thus John Cowan, aged 58 years, a coal miner from his boyhood, had symptoms of chest disease for seven years. Finally " he was compelled by the state of his complaints to abandon working in the mine, but he continued to do light work above ground until rendered totally unfit ".
Others reflect a problem all too familiar today:
"The man determines to give up stone-working, and does so for a time but the inducement of a higher rate of wages again tempts him to his destruction." Geographical Distribution of the Disease As to incidence of the disease throughout the mining areas there are no statistics but Steele represents the experience of not a few doctors.
"It would afford me much gratification if any means could be devised as regards either prevention or remedy, whereby might be lessened the evils of a disease, the ravages of which, upon the most robust constitutions, I have every day cause to deplore."
The Report of the Commission on Mines (1842) leaves no reason for doubt as to the general prevalence of the disease throughout Great Britain. Evidence by doctors practising in every mining community reveals the unusually high morbidity and mortality from chronic pulmonary diseases among miners, and the reports by Scottish doctors are particularly definite.
Makellar (1845), who practised in the coal-mining district of Haddingtonshire, was the next to present his experiences of the disease, and this is of particular interest as it reveals his reaction to the Report of the Commission on Mines. He is in no doubt as to the cause of the disease.
"The disease is due to carbon, which has been conveyed into the minute pulnonary ramifications, in various forms, during inspiration; and which while lodged in these tissues, produces irritation, terminating in chronic ulcerative action of the parenchymatous substance. The very minute bronchial ramifications first become impacted with carbon, and consequently impervious to air; by gradual accumulation, this impacted mass assumes a rather consistent form, mechanically compressing and obliterating the air-cells, irritating the surrounding substance, and promoting the progressive extension of the morbid action, till the whole lobe is infiltrated with carbonaceous matter, which, sooner or later, ends in ulceration and general disorganisation of the part."
Originally whale oil was used for burning in the miners' cap-lamps, but about 1815 linseed oil was substituted on grounds of economy and "many old miners date the greater prevalence of black spit to the introduction of linseed oil" which was much more sooty.
Makellar is the first effectively to approach the problem of prevention: " The prevention of disease is fully as reliable a testimony of professional skill and scientific knowledge as its treatment; whilst it is generally considered to constitute a surer evidence of the possession of that disinterested and noble philanthropy which should ever characterise the disciples of physic." And, moreover, disease involves the whole man, in his body and in his mind.
" By the dispensations of the All-Wise, the laws of our physical being, and those by the operation of which our moral nature is regulated, are so nicely balanced, so admirably linked together, that any infringement of the one is speedily productive of a baneful effect in the proper observance of the other; and the equilibrium once being destroyed, the reaction of evil from each to each goes on, multiplying mischief, until the body and the mind are alike tainted and corrupt."
As a means of amelioration he suggests the establishment of mechanics' institutes and adult education, but of primary importance he considers the establishment of baths and wash-houses in the immediate vicinity of the coal pits, and the erection of improved dwellings with a good water supply for the habitation of the operatives.
Discussion of the precise cause of the disease continued, and so renowned a pathologist as Virchow (1858) , following microscopic examination of coal from various countries, submitted that coal is never really black but brown and he therefore concluded:
A collier, who had previously worked in Cumberland, and interviewed at Wolverhampton, was of opinion that asthma was more prevalent among colliers in south Staffordshire than in Cumberland, and he ascribed the difference to less perfect ventilation of the south Staffordshire collieries.
Another very intelligent miner in the same area confirmed this experience, but emphasized that the disease depended on the constitution of the men and whether or not they habitually work in illventilated places, or in mines that give out much "damp".
This last observation is of considerable interest in relation to the " rank of coal" hypothesis advanced by Hart and Aslett (1943) It is pertinent to remark, in passing, that the discovery of the tubercle bacillus by Koch in 1882 had enabled medical men to distinguish between phthisis and tubercular phthisis, and that Sneddon in 1875 had recorded that the mean age at death of miners in his practice was 43-1 years, which compared favourably with other occupations.
So it would appear that an end had been reached; the lung diseases of coal miners variously denominated as black spit, black infiltration of the lungs, spurious melanosis, anthracosis, phthisis melanotika, and pneumoconiosis anthracosica had, for all practical purposes, ceased to exist as a medical problem. This happy state had been achieved in 50 years, 1825 to 1875, by improved ventilation and improved sanitary conditions in coal mines, together with shorter working hours. In that period doctors by their assiduous studies post-mortem had accurately described and distinguished the various pathological changes in the lungs and the associated effects on other organs. These lesions had, in turn, been precisely correlated with the clinical manifestations. After considerable controversy, they were almost unanimously agreed that the disease involved some constitutional factor but primarily arose from the inhalation of mine dust; that simple coal dust was comparatively harmless and that stone dust was the really noxious factor. In relation to coal dust tubercular phthisis was rare, whereas in relation to stone dust it was common. During the early years when the disease was prevalent in colliery villages, the doctors had not failed to emphasize the social and economic problems of the disabled workmen and they had recommended practical means of mitigating the disease and its consequences.
